I INTRODUCTION
Water balance within an urban area reflects the overall physical and anthropogenic changes in it. Hydrological changes due to urbanization have been described by LEOPOLD (1968) , JENS and MCPHERSON (1964) and the others. The main factors affecting the change are extension of the impermeable land surface by buildings and paved streets, densely distributed drainage systems, ar tificial transportation of water, consumption of groundwater, and influx of pollutants. Imperme able land surface prevents rain water from in filtrating into the soil, which results in shortage of groundwater and high surface runoff. Drainage canals accelerate this process as well. Extraction of groundwater by pumping for domestic, public and industrial purposes also brings about groundwater shortage. Therefore, rivers in an urban area gradually lose their water. Addition of pollutants to the shrunken river is another important factor of the urban environ ment, since these rivers cannot dilute the pollu tion. These drastic changes are regarded as the first stage in the succession of hydrological change in an urban area. Landform of Tokyo is roughly divided into al luvial lowland in the eastern part and diluvial plateau (terraces) in the western part (Fig. 1) . Rivers are also classified into two kinds, i.e. rela tively large rivers of the lowland, coming from the mountain range to the west and north of Tokyo, and small rivers originating on the plateau. The latter rivers are short and narrow, the longest one being about 20km and the widest part about 30m.
The surface of the plateau is covered with vol canic ash. On the widest terrace surface on the plateau (Musashino Terrace: Fig. 3 ), a grav el/sand aquifer lies beneath the volcanic ash. Most small rivers get their sources from this aquifer. Musashino Terrace is a raised diluvial fan of the R. Tama, with an altitude of about 140m in the west and about 20m in the east. The highest terrace, Shimosueyoshi Terrace, is a raised coastal plain. Clay layer and sandy aquifer lie under the volcanic ash on this terrace surface. Tachikawa Terrace is one of the lower terraces, and has been recognized to be of river origin dur ing the last Ice Age. The highest altitude on Tachikawa Terrace is about 200m at Ome (Fig.  3 ). These terrace surfaces are separated by cliffs.
The western part of the plateau is relatively flat and lacks natural rivers, since the permeability of the volcanic ash layers and the gravel/sand Old Tokyo (Edo) developed along the lower reaches of the R. Kanda and the R. Sumida ( Fig.  1 and Fig. 3 ), depending on their fresh water sup ply and facility of shipping. The expansion of the urban area over the last 100 years is roughly illustrated in Fig. 1 . Westward spreading of Tokyo began after the "Great Earthquake" in 1923. For example, the population of Mitaka City, a typical residential area in the western suburbs (near Inokashira-ike in Fig. 3 ), which had been about 5,000 until the 1920's, is now about 190,000.
In the old times, rivers were very important for the economic activities of Edo. They were essen tial for drinking, irrigation, transportation, water mills and industry as well. The first waterworks in Tokyo was constructed as early as around 1600 A. D. by introducing water from the R. Kanda. Inokashira-ike, a big spring at the head of the R. Kanda, had been the source of water supply. Soon after then, a water deficiency of the city made new sources necessary, so that the long canal of the Tamagawa-Josui aqueduct was con structed in 1653 ( Fig. 2 and Fig. 3 ). The first modern waterworks equipped with filter ponds was completed in 1899, inducting water from the Tamagawa-Josui.
The amount of water supply in 1907 was about 180,000 cubic meters per day (Waterworks Bureau of Tokyo, 1952) . Now the Waterworks Bureau of Tokyo supplies 6 millions of cubic meters of water per day, of which about 20% comes from the R. Tama, 80070 from the water supply system combining the R. Tone, R. Ara and R. Edo, and other river basins.
During the last 100 years, rivers and canals in Tokyo have been considerably. modified. Many rivers and canals are detected on maps from the 1880's (Fig. 2) including the main canal of the Tamagawa-Josui and its tributaries (ARAr et al., 1987a) . But many of them have now been turned into underground waterways for storm and waste drainage. Several small rivers still existing have lost their past functions and are used only for drainage purposes. Ponds at the head of small rivers fed by springs went to dry up as early as in the 1950's (ARAI, 1976) and several rivers lost their water. The rea sons for the subsidence of the groundwater ta ble of the plateau region are extension of the urban ground surface and pumping of the groundwater.
Mitaka City, for example, now provides water and sewerage services for the whole city area, but these services were complete ly lacking before 1955. Groundwater was pumped for domestic and other purposes without the regulation and polluted water was drained into rivers or infiltrated into soil: hence the groundwater shortage progressed in combination with its contamination. HOSONO (1978) noted that runoff from Mitaka City in 1973 was 1,640mmy-1, although the annual rainfall was Some water from waterworks leaks out of the pipe into ground and this amounts to about 15% of the total supply in Tokyo (ARAI et al., 1987b) . YAMAMOTO (1983) estimated the leakage ratio for the all cities in Japan, and got ca. 20% as an average. In contrast to the above leakage, shallow groundwater seeps into the sewerage pipes. It has been said that about 1010 of the treated sewage may come from shallow ground water. Groundwater is pumped for many uses and its storage has been reduced; however, the pumping is restricted by law at present.
Although many complicated routes for water flux may be expected in an urban area, water balance can be expressed by the following form:
where W denotes the water supply by municipal waterworks. Among many factors influencing the water balance of an urban area, impermeable land sur face is regarded as the prime one. The ratio of impermeable land surface (Im) in an area is used in many aspects of analysis (HOLLIs, 1979 , LAZARO, 1979 . Many methods for the evaluation of Im have been proposed; however, color air-photographs were used in this study (ARAI, 1979) . Color air-photographs with a scale of ca. 1/10,000 were analyzed by direct view. Impermeable parts such as paved streets and buildings were marked by opaque paint on transparent sheet, and the painted area was counted by automatic area-meter. In this equation, W is not taken into considera tion and artificially enforced runoff is replaced by ImP.
In the flat areas on the plateau where natural rivers are lacking, RS is almost absent. Here Eq. 3 is successfully used for the estimation of cli matic water balance. For the hilly regions, runoff from slopes during and after rainfall must be taken into consideration. The following form has been obtained as the runoff ratio (f) for indepen dent storms from the analysis of floods in small rivers: f=0.82Im+0.031 (4) In discussing the independent storm runoff, evaporation from each storm must be taken into consideration as well. It has been said that about 1 to 2mm (assumed average: 1.5mm) of water would evaporate at the beginning and soon af ter the rainfall from paved streets and roofs. Since the average number of days with daily rain fall over 1.5mm (No) is about 90 in a year, the following equation is obtained for the ground water recharge of the hilly regions in terms of the climatic mean:
The results from Eq. 3 and Eq. 5 for the annual Table 2 . Estimation of historical change of water balance in Tokyo (after ARAI et al. 1987b , c) Note: (1) Im: Impermeable land surface ratio.
(2) RG: Groundwater recharge (surplus in climatic water balance). average are similar except for extreme cases near Im=0 and 1.0. Two examples of estimation of the historical change of the water balance are shown in Table  2 ( ARAI et al., 1987b) . Approximate positions of the studied sites (A, B) are illustrated in the in dex map in Fig. 2 . Site A, located in the north ern part of Suginami-ku where small rivers originate, is a typical residential area developed before World War II. Now waterworks and sewerage services are fully provided in this area. Site B, Kodaira City, near the center of the flat plateau region, is a recently developed residen tial area. Waterworks and sewerage services are not sufficient in this area. R in Table 2 means the result of water balance calculation including the anthropogenic water flux. However, because their accuracy is very low, these figures must be regarded only to explain the trends in the water balance. Before the 1940's, data on the an thropogenic water flow were lacking. The worst balance was seen in the 1960's when pumping from the groundwater was not regulated. The re cent recovery of the balance may due to the regu lation of pumping and seepage from the water supply pipes. Recovery of water balance may raise groundwater Active springs are found along the R. No and R. Maruko where a long high cliff develops cut ting the Musashino Gravel Bed. A similar situa tion is found on the west side of the R. Meguro and around Mitsugi. Park. Active springs are also found in valleys dissecting the Musashino Grav el Bed, for example, along the R. Ochiai and R. Shirako. Another type of active spring is the yield from river bed as observed in the R. Zenpukuji; R. Myoshoji and R. Kanda. The beds of these rivers have been dug to enlarge their sections for flood control. Thus the river surface fell below the groundwater table, which had already sub sided. Anyhow, these rivers get water from groundwater, although some of their water comes from the seepage loss by waterworks.
In the rural Akiru Plateau located between the R. Aki and R. Hirai, many springs are still ac tive. As the region is now being developed for new residential lots, conservation of the hydro logical environment is an urgent task.
On the Shimosueyoshi Terrace, small springs are seen in several gardens and shrines. In the Shinjuku Gyoen Garden, the source of the spring comes from shallow perched water intervening among the volcanic ash layers. Similar springs are found in Meiji Shrine and in other parks, although some of their water comes from the confined aquifer under the clay bed. It is as sumed that infiltration from the natural land sur face would feed the local groundwater in the Shimosueyoshi Terrace. 
VII. FUTURE PROBLEMS
As mentioned before, urban hydrology is a complex of the physical-human system represent ing all the changes in the region. What is more, the functions of the urban river have been chang ing due to modernization.
Most of the past func tions of the river have already been lost in relation to changes in the city itself. For the con servation of urban rivers, it is necessary to give them new functions, such as parks or gardens.
